Aims: Fetal alcohol spectrum disorder (FASD) is a developmental disorder caused by maternal alcohol intake (prevalence: 0.77%). Malocclusion has been described in case reports of patients with FASD, but reliable evidence for associations between FASD and malocclusion is not documented. Malocclusion is defined as tooth irregularity (prevalence: 14.6%) or incorrect relationship between the jaws such as lateral crossbites (prevalence: 3.1%). The purpose of this study was to investigate possible associations between malocclusion and FASD. Short summary: FASD prevalence is high and diagnosis is very difficult; Malocclusions can give additional hints for FASD diagnosis; Patients with FASD show growth deficits concerning the maxilla; Early and consistent orthodontic supervision and therapy can prevent facial asymmetries in FASD patients. Methods: Thirty patients with FASD and 30 patients of a healthy control group were examined. Inclusion criteria were mixed dentition, verified FASD/absence of FASD (control group), exclusion criteria were orthodontic treatment and disorders other than FASD. The extent and type of malocclusion were quantified with the peer assessment rating (PAR) index based on an analysis of orthodontic plaster models. In addition, anthropometric data such as gestational age, body weight and height at birth as well as present body weight, height and head circumference at examination date were assessed. Results: The PAR index showed a significant increase in malocclusions in FASD patients compared to the group that were not diagnosed with FASD (P = 0.002). FASD patients showed particular differences in the upper transversal dimension with a higher prevalence of crossbites (P = 0.018) and a lower head circumference (P < 0.001). Body weight (P < 0.001) and height (P < 0.001) were significantly lower for FASD patients at time of birth, but not at the present examination date (weight: P = 0.329; height: P = 0.496). When relating weight and height measures to age using percentile curves of physiological growth, clinically relevant discrepancies could be found for FASD patients. Conclusions: Our results show that malocclusion can provide additional evidence for FASD diagnosis. When FASD is diagnosed in a child, early referral to an orthodontist is advisable to stimulate maxillary growth and consequently prevent further malocclusions.
INTRODUCTION
The fetal alcohol spectrum disorder (FASD) is a developmental disorder caused by maternal alcohol intake during pregnancy (Landgraf et al., 2013) . FASD is a generic term for different manifestations such as fetal alcohol syndrome (FAS) with or without confirmed alcoholic exposure during pregnancy, partial fetal alcohol syndrome (pFAS), alcohol-related birth defects (ARBDs) or alcoholrelated neurodevelopmental disorder (ARND). The term FAS was first introduced by Jones and Smith (1973) , but symptoms associated with FASD have been described before, for example by Lemoine et al. (1968) . FAS is the most severe form of FASD, whereas pFAS, ARBD and ARND show less distinct manifestations in descending order (May et al., 2014) .
Studies on the prevalence of FAS found a distinct variation depending on ethnic or geographic origin or age of the study population and differing study designs (Roozen et al., 2016; May et al., 2016a; 2016b) . According to Landgraf et al. , the prevalence for FASD in Europe is 0.2-8.2 per 1000 births (Landgraf et al., 2013) . The worldwide prevalence of FASD according to Lange et al. is 7.7 per 1000 births with a range of 4.9-11.7 per 1000 births (Lange et al., 2017) . FASD diagnosis is difficult, since there are a wide variety of symptoms and variable characteristics involved. An approach to develop an objective guide for clinical evaluation of FASD is the four-digit diagnostic code, which was first introduced by the US Institute of Medicine in 1996 and then further developed by Astley and Clarren (2000) as well as by Hoyme et al. (2005) . The four diagnostic categories according to the four-digit diagnostic code are growth deficiency, FAS facial phenotype, central nervous system damage or dysfunction and gestational exposure to alcohol (Hoyme et al., 2005 (Hoyme et al., , 2016 .
In 2015, a German guideline for FASD diagnosis was introduced by Landgraf et al. also using the four above specified categories as well as the lip philtrum guide by Astley et al. and a measurement of the length of the palpebral fissure for facial phenotyping Clarren, 2000, 2001; Clarren et al., 2010; Landgraf et al., 2013) . The facial abnormalities used for the diagnosis of FASD lead to the assumption that there may also be oral manifestations present. Aberrations in oral structures are mostly anecdotally and so far there are no existing classifications concerning malocclusion associated with FASD (Jackson and Hussain, 1990; Church et al., 1997; Naidoo et al., 2005; Sant'Anna and Tosello, 2006) . If such associations are present and can be objectively classified, this would greatly aid the clinical diagnosis of FASD and enable dentists and orthodontists, who generally see juvenile patients on a regular basis, to take a supportive role in FASD diagnosis.
Malocclusion is defined as tooth irregularity (prevalence in mixed dentition: 14.6%) or incorrect relationship between the jaws such as lateral crossbites (prevalence in mixed dentition: 3.1%), frontal crossbite or edge-to-edge bite (prevalence in mixed dentition: 1.4%), increased sagittal overjet (prevalence in mixed dentition: 13.8%), open bite (prevalence in mixed dentition 2.8%) or deep bite (prevalence in mixed dentition: 36%) (Stahl and Grabowski, 2003) . To date, numerous indices for orthodontic assessment have been developed (Shaw et al., 1995) . The peer assessment rating (PAR) index, which was developed by Richmond et al., is a widely accepted and commonly used method with a high reliability to evaluate the severity of malocclusions and to compare treatment results and success (Richmond et al., 1992a) . The PAR index is one of the commonly used and standardized indices (Firestone et al., 2002) . Its segmentation into 11 components permits a detailed evaluation of discrepancies and comparisons between different patients at variable stages of treatment. Improvements in occlusion, indicating success in treatment, can be evaluated on the basis of changes of PAR score (Richmond et al., 1992a (Richmond et al., , 1992b BlanckLubarsch et al., 2014) To further clarify and support the diagnosis of FASD in affected patients based on oral manifestations, this study aims at investigating possible associations between FASD and malocclusion as characterized by the PAR index.
METHODS
For this cross-sectional study, 30 patients with FASD and 30 patients of a healthy control group were examined on a prospective basis at the Department of Orthodontics at the University Hospital Münster between 2012 and 2016. Sample size was determined by an a priori power calculation based on preliminary single case data (not shown). To verify FASD diagnosis, the included patients were screened and examined by an FASD specialist at the Department of Pediatrics at the University Hospital Münster according to the German FASD diagnostic guideline (Landgraf et al., 2013) . In both groups, all orthodontic examinations were performed by an experienced orthodontic specialist. The inclusion criteria for the group with FASD were (a) verified FASD diagnosis according to Landgraf et al. (2013) and (b) mixed dentition. Exclusion criteria were (a) current or past orthodontic treatment, (b) primary or permanent dentition or (c) any previously diagnosed disease, dysplasia or syndrome other than FASD, which influences craniofacial structures. Written informed consent was obtained from all participants and their legal guardians for data analysis and publication of associated results. The study was in accordance with the ethical standards and approved by of the institutional ethics committee (study-code 2012-196-f-S, Medical Association of Westphalia-Lippe and the Department of Medicine, University of Münster), and with the 1964 Helsinki declaration and its later amendments. The study was reported according to the official STROBE guidelines for observational studies.
There often are a higher prevalence of patients with more complex treatment needs and more severe PAR ratings at a university clinic. Therefore, to prevent bias, we did not include patients from our university clinic in the control group, but rather school and university students, which were invited for orthodontic examination on a voluntary basis. All the above-described exclusion and inclusion criteria (except FASD diagnosis) were applied to the control group as well.
All patients were examined according to a standardized orthodontic diagnostic protocol. Alginate impressions (Cavex, ColorChange FS, Germany) and habitual bite registrations (Coltène/ Whaledent GmbH, Hygenic Bite-Wafers, Switzerland) were taken and dental study models (Heraeus Kulzer, Moldano hard plaster type 3, Germany) were created. To evaluate differences in malocclusion between the FASD collective and the control group, the standardized PAR index was used and dental study models were assessed by a calibrated, blinded orthodontic specialist with a PAR ruler according to Richmond et al. (1992a) . PAR examination was repeated by a second calibrated and blinded specialist and interrater reliability determined. The 11 PAR components (upper and lower anterior segment, left buccal occlusion in sagittal, vertical and horizontal dimension, right buccal occlusion in sagittal, vertical and horizontal dimension, overjet, overbite and centreline) were recorded. In addition, physical parameters such as weight and height at the time of birth (newborn physical examination data) and on the day of the examination in our department were obtained. For current weight and height measurements, a calibrated scale (seca Gmbh, seca899, Germany) as well as an upright measuring board (Längenmesstechnik GmbH Limbach, Stadiometer Dr. Keller, Germany) were used. To ensure equal conditions, measurements of height and weight were performed in the morning before lunch with patients being barefoot and in underwear. Furthermore, head circumference was measured by one examiner according to Gibson (2005) with a measuring tape (seca Gmbh, seca212, Germany). The obtained anthropometric data were checked against the percentile curves provided by the Robert Koch Institute (RKI) (Neuhauser et al., 2013) . For each patient, the divergence from the 50th percentile was determined.
Statistical analyses were performed with the software IBM SPSS Statistics 24 (IBM, Armonk, NY, USA). Metric variables were described by median (MD), range (minimum-maximum), arithmetic mean (M), standard deviation (SD) and visualized via boxplots. For categorical variables, absolute frequencies were given. Intergroup differences for metric outcome variables were assessed by twotailed, non-parametric independent Mann-Whitney U tests. Twotailed Fisher's exact tests were used to uncover intergroup frequency differences with respect to the categorical components of the PAR index and gender. To determine the interrater reliability, Cronbach's alpha was used. All analyses were regarded as explorative. Therefore, no adjustment for multiple testing was performed. The local significance level was set at 5% (P < 0.05).
RESULTS
Thirty patients (15 male, 15 female) with verified FASD diagnosis were included in this study. All included patients were examined during mixed dentition period. Eight patients (4 male, 4 female) were in the late and 22 (11 male, 11 female) in the early mixed dentition. The patients' mean age was 9.0 (SD 1.6) years (Table 1) . The 30 patients of the healthy control group consisted of 18 boys and 12 girls. At the date of examination all of them were in mixed dentition. 5 patients (3 male, 2 female) were in the late and 25 patients (15 male, 10 female) in the early mixed dentition. The mean age was 8.2 (SD 1.8) years (Table 1) . There was no statistically significant difference regarding the age (P = 0.069) and gender distribution of both groups at the time of the orthodontic examination (P = 0.604, Table 1 ).
The PAR index analysis of the 60 orthodontic study models showed significant differences (P = 0.002) between the FASD group (M = 21.1, SD = 7.1) and the control group (M = 15.5, SD = 5.3) (Fig. 1, Table 1 ).
When taking a closer look at the 11 components of the PAR index, 2 of them showed significant intergroup differences: occlusal features in the anterior segment (crowding, spacing, impacted teeth) and transversal dimension of the right side. Occlusal features of the upper jaw differed significantly (P = 0.011) between FASD (M = 7, range=3-13) and control groups (M = 5, range=2-11). With respect to the transversal dimension, the analyses showed significant differences for the right side (P = 0.011) to the disadvantage of the FASD group. Concerning transversal dimension of the left side, the occlusal feature component did not show statistically significant intergroup differences, but with a P-value of 0.056 a clinically relevant tendency. When summing up the transversal dimension of the right and left side concerning crossbite/edge-to-edge bite vs no crossbite/ edge-to-edge bite, the results show a significant difference (P = 0.018, Table 1 ). The conformity of measurements and thus interrater reliability concerning the PAR index were high with Cronbach's alpha = 0.911.
The inspection of the newborn examination documents revealed no significant intergroup difference (P = 0.172, Table 1) concerning the gestational age. In contrast, at the time of birth, the groups differed highly significantly not only in weight (P < 0.001, Table 1 ) but also in height (P < 0.001, Table 1 ). At the time of the orthodontic examination, there was neither a significant intergroup difference regarding mean weight (P = 0.329, Table 1 ) nor mean height (P = 0.496, Table 1 ). There was, however, a highly significant difference with regard to mean head circumference (P < 0.001, Table 1 ).
Body weight, height and head circumference diverged in both groups from the 50th percentile of normal weight, height and head circumference development according to the percentile curves provided by the RKI. Concerning body weight, the FASD group was localized between the 10th and 25th percentiles, while the control group was localized on the 50th percentile (Fig. 2a) (Neuhauser et al., 2013) . Similar results were obtained for body height with the FASD group located between the 10th and the 25th percentiles, whereas the control group was very close to the 50th percentile ( Fig. 2b) (Neuhauser et al., 2013) . With respect to head circumference, our measurements showed highly significant differences between the two groups. The FASD group was located between the 3rd and 10th percentiles and the control group between the 50th and 75th percentiles (Fig. 2c) (Rollins et al., 2010; Neuhauser et al., 2013) .
DISCUSSION
Numerous FASD studies give detailed descriptions of the craniofacial anomalies (Jones and Smith, 1975; Astley et al., 1999; Hoyme et al., 2005) . Some authors also describe alterations in the orofacial region such as malpositions of teeth and jaws, delayed tooth eruption or enamel dysplasia (Jackson and Hussain, 1990; Church et al., 1997; Naidoo et al., 2005; Sant'Anna and Tosello, 2006) . However, these studies were mostly case reports. The purpose of the study on hand was to compare a larger group of patients with FASD to a healthy control group using a validated index (PAR) for the analysis of malocclusion and its severity (Richmond et al., 1992a; Firestone et al., 2002) . In addition, anthropometric data such as body weight, height and head circumference were measured according to standardized methods (Gibson, 2005) .
Our results indicate that patients with FASD have significantly more severe malocclusions than healthy control subjects. When taking a closer look, differences could be found concerning anomalies in the upper anterior jaw segment and the transversal plane in the sense of a significantly higher proportion of crossbites or edge-toedge-bites in the FASD group. Based on the studies describing midface hypoplasia in FASD patients, it is likely that crossbite formation in the FASD group could be due to an underdeveloped maxilla in combination with anterior crowding (Astley and Clarren, 2001; Naidoo et al., 2006; Landgraf et al., 2013) . A lateral cephalometric analysis by Naidoo et al. showed reduced maxillary values in the vertical and horizontal dimension, also suggesting an underdevelopment of the maxilla as underlying anomaly for the higher prevalence of crossbite found in the present study (Naidoo et al., 2006) . In future studies, this hypothesis should be further verified by the analysis of CBCT data, frontal cephalometrics or facial scans. Our results also implicate that patients with FASD have significantly more severe malocclusions. This was particularly evident for the maxillary measurements. Significant differences between the FASD and control group could be found in particular for the occlusal features in the anterior segment in the sense of more severe crowding in the FASD group (P = 0.011). This finding matches to the transversal underdevelopment of the maxilla leading to shortage of space for the teeth. Pronounced orthodontic findings thus seem to provide additional evidence for the diagnosis of FASD. Furthermore, in patients with verified FASD diagnosis, early and continuous orthodontic examination should be initiated to prevent the FASDassociated malocclusions revealed in our study. In conclusion, patients with FASD seem to have a higher need for orthodontic treatment. Since there are strong indicators pointing at underdevelopment of the maxilla, treatment should aim at stimulating maxillary growth. Since most studies indicate that skeletal maxillary growth is best influenced before the age of 10, treatment should be started as early as possible (Kim et al., 1999) .
Preterm birth is defined as giving birth before week 37 (World Health Organization, 2012) . In the control group, there were only two cases of preterm birth, whereas eight patients of the FASD group delivered prematurely. This difference between the two groups is clinically relevant and should be considered when comparing weight and height at birth. However, with respect to the gestation period, no statistically significant difference could be found. Both the values for body weight and height, as documented in the newborn physical examination records, showed highly significant differences. This strongly indicates that FASD patients already have developmental deficits at the time of birth. Concerning body weight at the time of the present orthodontic examination, there was no significant difference between groups. However, since the controls differed in mean age by 8 months from the FASD group, a clinical evaluation of weight differences is relevant. Percentile curves of physiological weight, height and head circumference development can be used as an objective method to compare physical development in growing children. Thus when considering the divergence of the individuals' values from the 50 th percentiles, our results show that FASD patients indeed seem to have delayed growth and weight gain. Furthermore our results revealed a significantly reduced head circumference compared to healthy controls. It can be hypothesized that the smaller head circumference in the FASD group contributes to the smaller transversal dimension of maxillary measurements in the PAR index. According to Bartholomeusz et al. head circumference correlates with brain volume (Bartholomeusz et al., 2002) . Gale et al. describe that there is a tendency that head circumferences correlate with intelligence, but environmental factors like cognitive stimulation, nutrition or style of parenting may influence the IQ. Thus early intervention programs to promote cognitive functions should be considered (Bartholomeusz et al., 2002; Gale et al., 2006) .
CONCLUSIONS
• Malocclusions (crossbite as well as edge-to-edge bite and higher PAR scores for the upper anterior segment) can give additional hints for diagnosing FASD in later life, when some facial characteristics may have become less obvious.
• Early and regular orthodontic supervision of children with FASD is recommended in order to detect and treat malocclusions that can lead to facial asymmetry.
• Characteristic developmental deficits of FAS children regarding body weight, height and head circumference at birth show only a limited tendency to improve until the mean age of 9 years. 
